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Abstract. The cosmic electrons and positrons have been measured with unprecedented
statistics up to several hundreds GeV, thus permitting to explore the role that close single
sources can have in shaping the flux at different energies. In the present analysis, we consider
electrons and positrons in cosmic rays to be produced by spallations of hadron fluxes with
the interstellar medium, by a smooth Supernova Remnant (SNR) population, by all the
ATNF catalog pulsars, and by few discrete, local SNRs. We test several source models on
the e+ + e− and e+ AMS-02 flux data. For the configurations compatible with the data,
we compute the dipole anisotropy in e+ + e−, e+, e+/e− from single sources. Our study
includes a dedicated analysis to the Vela SNR. We show that Fermi-LAT present data on
dipole anisotropy of e+ + e− start to explore some of the models for the Vela SNR selected
by AMS-02 flux data. We also investigate how the observed anisotropy could result from a
combination of local sources. Our analysis shows that the search of anisotropy in the lepton
fluxes up to TeV energies can be an interesting tool for the inspection of properties of close
SNRs, complementary to the high precision flux data.
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1 Introduction
The data on cosmic-ray (CR) electrons and positrons (e+ and e−) have achieved a high
statistical accuracy and an unprecedented energy coverage. Precision data on the positron
fraction has been recently provided by the Pamela [1], Fermi-LAT [2] and AMS-02 [3, 4]
Collaborations, as well as measurements of the electron, positron [5, 6, 7] and electron plus
positron [8, 9] fluxes.
These leptonic data can be interpreted with the emission of electrons and positrons from
Supernova Remnants (SNRs), Pulsar Wind Nebulae (PWNe) and the so called secondary
production given by the spallation reactions of primary CRs with the nuclei of the interstellar
medium (ISM). The accuracy of e+ and e− data has permitted an in-depth study of properties
of these different sources (see e.g. [10, 11, 12, 13, 14, 15, 16, 17, 18]).
CR electrons and positrons detected at high-energy (E > 10 GeV) are the result of local
emission mechanisms, since the time scale of energy losses for leptons is smaller than the
diffusion one (see e.g. [19, 20, 21]). The inspection of close sources for e+ and e− is therefore
crucial for the interpretation of the data [22, 23, 24, 25].
Recently, the lepton data have also been analyzed in terms of their arrival direction. Indeed,
no significant anisotropy has been detected, and upper limits on the dipole term ∆ have been
set for the electron plus positron flux [26], the positron to electron ratio [3] and the positron
flux [27]. As we will demonstrate in this paper, the dipole anisotropy in the leptons arriving
at the Earth can be a remarkable observable to constrain the properties of astrophysical
emitters of e+ and e−. Dipole upper limits have already been used to examine discrete source
properties (see e.g. [23, 25, 28]) or to discriminate between dark matter and pulsar scenarios
[22, 29, 30, 31].
We revisit in this paper the predictions for the anisotropy from PWNe and SNRs using the very
recent AMS-02 data for e+ and e++e− energy spectra, as drivers to predict the corresponding
dipole term. The results are then compared to all existing upper limits from AMS-02, Fermi-
LAT and Pamela. We explore different scenarios, and in particular the hypothesis of a
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dominant SNR that is the major contributor to the e− spectrum, and the case of a PWN
that dominates the e+ spectrum. We consider the most updated catalogs for PWNe and
SNRs, selecting the closest and most powerful sources according to radio observations. We
also investigate a more realist scenario where all the close PWNe and SNRs contribute to the
anisotropy, providing a realistic prediction for the composite anisotropy as a function of the
energy.
The paper is organized as follows: in Sec. 2 we describe our model of propagation of CR
electrons and positrons and their emission mechanism from PWNe, SNRs and the secondary
production; in Sec. 3 we explain our model for the estimation of the anisotropy and we list
the different scenarios that we scrutinize in the paper; in Sec. 4 we present the fit to AMS-02
e+ and e− data, that we use to fix the emission properties from the different components;
in Sec. 5 we report the results for the anisotropy in the different cases, and we conclude in
Sect. 6.
2 Electrons and positrons in the Milky Way
Electrons and positrons can be produced by different mechanisms and sources in the Galaxy.
In particular, primary electrons can be injected in the ISM by a SNR following a first order
Fermi acceleration, while e± pairs can be accelerated by pulsars (PSR) and released by the
PWN in the ISM. A source for secondary electrons and positrons is nourished by the frag-
mentation of nuclei CRs (mainly proton and helium) on the ISM (H and He). After being
injected in the Galaxy, electrons and positrons loose energy at a high rate while being ran-
domly diffused by the inhomogeneities of the Galactic magnetic field. The number density
ψ = ψ(E,x, t) ≡ dn/dE per unit volume and energy obeys the generic transport equation
(see [32] and references therein):
∂ψ
∂t
−∇ · {K(E)∇ψ}+ ∂
∂E
{
dE
dt
ψ
}
= Q(E,x, t) (2.1)
where K(E) is the energy dependent diffusion coefficient, dE/dt ≡ b(E) accounts for the
energy losses and Q(E,x, t) includes all the possible electron and positron sources. We con-
sider the factorization of the source term so that Q(E,x, t) = Q(E) · ρ(x) · f(t). As for the
results of this paper, the solution to Eq. 2.1 is found within a semi-analytical model in which
the Galaxy is shaped as cylinder with a thin disk with half-height h = 100 pc and a thick
magnetic halo whose vertical extension is L [33]. The radius of the cylinder, whenever not
set to infinite, is fixed to Rdisc = 20 kpc. The distance of the Solar System to the Galactic
center is fixed to r = 8.33 kpc [34]. We assume a spatial independent diffusion coefficient
K(E) = βK0(R/1GV)δ ' K0(E/1GeV)δ (2.2)
where β = v/c is the Lorentz factor (for relativistic electrons, as in this analysis, β = 1) and
R is the particle rigidity. We have included energy losses of electrons by Inverse Compton
scattering off the interstellar radiation field, and the synchrotron emission on the Galactic
magnetic field. The black body approximation for the interstellar photon populations at
different wavelengths has been taken from [32] (model M2 in their Table 2). The Galactic
magnetic field intensity has been assumed B = 3.6 µG, as resulting from the sum (in quadra-
ture) of the regular and turbulent components [35]. The free parameters for the propagation
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Figure 1. Radial distributions for SNRs and pulsars. The solid line corresponds to the G15 [39]
model, based on the brightest SNRs in the Green catalog; dashed line dubbed L04 is for the [40]
distribution, built on pulsars from the ATNF catalog. Also shown is the model in [41]. A black
dotted line indicates the Earth position.
sector are K0, δ and L. As benchmark models, we consider the MED and MAX sets of prop-
agation parameters [36]. Indeed, the recent fits to boron–to–carbon, B/C, and antiprotons
AMS-02 data (see e.g. [37, 38]) points to values of K0, δ and L consistent with these two
models. We have checked that using K0, δ and L as derived in [37, 38] the electron fluxes are
included between the fluxes obtained for the MED and MAX propagation set-ups.
We model the CR electron and positron sources according to the framework developed in [32]
and [17, 18], for which we address for any details. In the following, we will remind the main
features, and the slight differences introduced here. We will be interested both in the global
source distribution, describing effectively the Galactic population with average parameters,
and in the properties of single, nearby sources.
For the spatial distribution of sources ρ(r, z), we follow the usual factorization between
the radial source density ρ(r) and in the exponential vertical profile:
ρ(r, z) = ρ0ρ(r) exp
(
−|z|
z0
)
(2.3)
where r is the distance from the Galactic center along the Galactic plane, z is the vertical
coordinate, and z0 = h = 0.1 kpc. The coefficient ρ0 is fixed to normalize to unity the
spatial distribution ρ(r, z) within the diffusion halo of radius Rdisc and half thickness L. For
the SNRs, we make use of the radial distribution (G15 hereafter) recently obtained by [39]
analyzing the SNR sample contained in the Green catalog:
ρ(r) ∝
(
r
r
)α1
exp
(
−α2 (r − r)
r
)
(2.4)
where α1 = 1.09, α2 = 3.87. In Fig. 1 we reproduce the radial profile G15, together with
the largely used model obtained from pulsars in the ATNF catalog [40] (L04 hereafter).
For illustrative purposes, we also draw the model in [41], based on SNR observations and
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empirically scaled to compensate for observational selection effects. The L04 and G15 models
are similar around the Solar System, while they show a remarkable difference toward the
Galactic center. At variance, the ρ(r) proposed by [41] is significantly flat for most of radii.
Since electrons detected at the Earth have been produced by nearby (very few kpc) sources, we
are mostly interested in the differences in the profiles around the Solar System. We will briefly
discuss the effects of using the radial distribution obtained with L04. Any time a smooth SNR
population will be included in our analysis, it follows the radial profile in Eq. 2.4.
We also consider the case of a smooth SNR population active only beyond a radius Rcut from
the Earth (the far component), while the contribution inside Rcut (the near component) is
given by the single sources as directly found in the Green SNR catalog. The cut in the smooth
population is meant as a cylinder of radius R ≡ |r − r| ≤ Rcut and height L around the
Earth. This cylindrical Galactic portion is depleted of any smoothly distributed population.
We have verified that our results are unmodified for a 3D spherical cut. This is understood
given the vertical distribution in Eq. 2.3, where the exponential factor with z0 = 0.1 kpc
suppresses the source density outside the disk.
As for the PWNe, they are always taken from the ATNF catalog. Their position in the
Galaxy is set individually and picked from catalog. We include only middle-aged pulsars,
with observed age 50 kyr< tobs < 10000 kyr, since electron and positrons pairs accelerated to
TeV energies in the termination shock (for a PWN review see [42]) are believed to be confined
in the nebula or in the SNR until the merge of this system with the ISM, estimated to occur
at least 40− 50 kyr after the pulsar formation [43, 44].
As for the energy injection spectrum Q(E), we adopt the function
Q(E) = Q0
(
E
E0
)−γ
exp
(
− E
Ec
)
(2.5)
for both SNR and PWN, where Q0 is in units of GeV−1 and Ec is the cutoff energy. Through-
out the text, we will label SNR or PWN the free parameters which are expected to be different
for the two distinct populations. If not differently stated, we adopt for both SNR and PWN
Ec = 5 TeV. The normalization of the power law is fixed to E0 = 1 GeV. Given the injection
spectrum in Eq. 2.5, the total energy emitted in e− (for SNR) or e± (for PWN) in units of
GeV (or erg) can be obtained as (see [32])
Etot =
∫ ∞
E1
dE E Q(E) , (2.6)
where we fix E1 = 0.1 GeV. The normalization of the spectrum in Eq. 2.5 can be constrained
from available catalog quantities for single SNRs and PWNe, or by using average population
characteristics for the smooth component.
The normalization for a single PWN is obtained assuming that a fraction η of the total
spin-down energy W0 emitted by the pulsar is released in form of e± pairs, i.e.:
Etot,PWN = ηW0. (2.7)
The value of W0 can be computed starting from the age of the pulsar t?, the typical pulsar
decay time τ0 and the spin-down luminosity E˙:
W0 = τ0E˙
(
1 +
t?
τ0
)2
. (2.8)
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The spin-down luminosity E˙, the observed age tobs (where t? = tobs + d/c is the actual age)
and distance for each pulsar are taken from [45], while τ0 = 10 kyr. In the following of our
analysis, the free parameter associated with the PWN spetrum normalization is η.
The normalization of a single SNR spectrum can be linked to its radio brightness Br(ν) at a
frequency ν. Assuming that Br(ν) is due to synchrotron emission of the surrounding electrons
in the SNR magnetic field B, we obtain (see [32]):
Q0,SNR = 1.2 · 1047GeV−1(0.79)γSNR
[
d
kpc
]2 [ ν
GHz
] (γSNR−1)
2
[
B
100µG
]− (γSNR+1)
2
[
Bνr
Jy
]
(2.9)
where d is the source distance and the electron energy spectrum index γSNR in Eq. 2.9 is
related to the radio index αr = (γSNR − 1)/2. For each source, we take the value of Br(ν)
and γSNR from the Green catalog [46]. The remaining parameters (distance, age, magnetic
field) are taken from other literature results (see Table 1 in [17]). In our analysis, a special
focus is deserved to the Vela SNR. Depending on Rcut, the contribution of the near SNRs is
considered as the sum of all the single SNRs in the Green catalog plus, separately, the electrons
arriving from Vela. Each near SNR is normalized according to Eq. 2.9. We only consider a
free normalization parameter Nnear, which is the rescaling factor of the normalization of sum
of all the near SNRs (Vela excluded, indeed). As for the Vela SNR, we let its normalization
free to vary separately. We express it through the connection with its magnetic field BVela by
means of Eq. 2.9.
The normalization of the electron spectrum for the smooth, far SNR distribution can be
connected to the average properties of the entire Galactic population by means of Eq. 2.6, as
described in [32]. We will express the free parameter for the energy spectrum normalization
in terms of the total energy carried by electrons Etot,SNR. As for the average Galactic SN
explosion rate, we fix Γ∗ =1/century. The values we obtain are checked to lie in a range of
plausibility as determined in [32].
The solution to the diffusion equation for a smooth population (i.e. of SNRs) can be
studied in terms of the halo function, which describes the probability for an electron to reach
the Earth position x from its source located at xs:
Υ(λ) =
∫
d3xsρ(xs)Gλ(λ, x ← xs), (2.10)
for a given normalized spatial distribution of sources ρ(xs). The propagation scale length λ
is given by:
λ2 = λ2(E,Es) ≡ 4
∫ Es
E
dE′
K(E′)
b(E′)
. (2.11)
with the diffusion coefficient K(E) and the energy-loss rate b(E) previously defined. The
integral in Eq. 2.10 is performed over all the diffusive volume extending up to L. The Green
function of the transport equation can be cast as:
Gλ(λ,x ← xs) ≡ b(E)G(E,x ← Es,xs) . (2.12)
The flux of electron Φ at the Earth or, equivalently the number density ψ (Φ = v/4pi ψ),
may be generically computed from the Green function Gλ(λ,x ← xs) and the source term
Q after an integration over time, energy and the spatial extent of the diffusion zone:
Φ(E) =
β c
4pi
∫
dtsdEsd
3xs Gλ(λ,x ← xs)Q(ts, Es,xs) (2.13)
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where the subscript s refers to quantities at source, and ts is the source age. As for the
Green function, we will adopt the approximation in which only the vertical boundaries of
the diffusion halo are considered, since the radial boundary has been demonstrated to be
irrelevant while r − r & L [32]. Thus, the spatial dependence in Eq. 2.12 is separated in a
radial term and in a vertical term as Gλ = Gr × Gz. For the radial term we use the Green
function for an infinite 2D space. The vertical boundary is accounted for by expanding Gz
with the image method [47] or the Helmotz eigen-functions [48], depending on the propagation
scale length.
A steady state solution is adopted for the secondary production, since this gives a continuos
injection of electrons and positrons in the ISM. This is the case also for smooth distributions of
sources, described by average parameters as the SN explosion rate. Conversely, the solution of
the time-dependent transport equation is required for the flux from a single source of electrons
and can be found in several literature works (see [16, 32]), to which we address the reader
for further details. Because of our focus on single sources, we remind briefly the explicit
expression in the burst-like approximation, namely Q(E,x, t) = Q(E)δ(t)δ(x):
ψ(x, E, t) =
b(Es)
b(E)
1
(piλ2)
3
2
exp
(
−|x − xs|
2
λ2
)
Q(Es) (2.14)
where Es is the initial energy of electrons that cool down to E in a loss time
∆τ(E,Es) ≡
∫ Es
E
dE′
b(E′)
= t− ts. (2.15)
The halo function defined in Eq. 2.10 represents the probability of an electron (or positron)
to reach the Earth position, given its propagation scale and the spatial distribution of its
sources. To explore the role of the radial cut on the smooth distribution of sources, as well of
the propagation model, we analyze Υ(λ) as a function of the propagation scale λ. In Fig. 2
we show Υ(λ) as a function of λ, for two different values of Rcut and the two propagation
benchmarks. The two solid lines correspond to the case of Rcut = 0, namely when all the
Galactic SNRs are shaped according to Eq. 2.3. The probability for an electron to reach the
Earth decreases shortly to zero for propagation length λ & L (L=4 (15) kpc for the MED
(MAX) model). The halo function of the far SNR population has a similar trend at high λ
but it drops to zero for propagation lengths roughly below the size of the radial cut. The halo
function for the MED and MAX models is undistinguishable for λ <∼ 4 kpc, while for λ >∼ 4 kpc
we find that Υ(λ) is greater for higher diffusive haloes. Electrons have greater chances to
arrive at the Earth if the diffusion zone is wider. The action of a radial cut of the smooth
SNR distribution has the effect of depleting the injection of electrons from near SNRs. The
halo function for the particles arriving from R > Rcut is smaller for larger cut radii, meaning
that it gets less probable to reach the Earth for electrons produced farther. This is clearly
visible in Fig. 2 where, for a fixed propagation scheme, Υ(λ) for the far electrons is small,
and dropping to zero for propagation lengths roughly smaller than the radial cut.
The effect of different Rcut values and propagation models on the flux of electrons at
Earth are shown in Fig. 3. We plot the electron flux from both the far and the near SNR
smooth distributions, for Rcut = 0.7 and 3 kpc and for no cut, and for the MED and MAX
models. The energy cut-off in Eq. 2.5 is fixed to Ec = 5 TeV and the spectral index is γ = 2.3.
We have verified that for a given value of Rcut, the far and near components sum up exactly
to the total flux with no cuts. The flux from a smooth Galactic SNR population following
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Figure 2. Halo function for the G15 smooth distribution of SNRs for different values of the radial
cut around the Earth position, and for the MED and MAX propagation models. Solid black (red) line
corresponds to a smooth distribution with no cut and MED (MAX) propagation model, with L = 4
(15) kpc. Dashed (dot-dashed) lines correspond to a SNR distribution beyond a radial cut of 0.7 kpc
(3 kpc).
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Figure 3. Electron fluxes for different SNR smooth populations with a G15 radial distribution.
Black solid line corresponds to a SNR distribution with no cuts; red long dot-dashed (long dashed)
line corresponds to a near SNR distribution of radius Rcut = 3 kpc (0.7 kpc) around the Earth; blue
dashed (dot-dashed) line corresponds to a far SNR distribution from which the smooth component up
to a radius Rcut = 0.7 kpc (3 kpc) has been cut. All fluxes are obtained for a SNR energy spectrum
with Ec = 5 TeV, γ = 2.3, Etot,SNR = 1049 erg, left (right) panel for the MED (MAX) propagation
model.
the radial profile G15 is shown by solid lines. It is a function decreasing with energy slightly
stronger than E−3, to drop exponentially to zero when approaching the cut-off energy. The
flux from sources inside Rcut =3 kpc is very close to the flux from a smooth population all
over the Galaxy (no cut case). The difference is significant only for the MAX case (large
diffusive haloes), where there is a reduction in the near flux at energies below few hundreds
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GeV. The flux from sources located inside Rcut = 0.7 kpc is instead smaller than the flux from
a smooth population all over the Galaxy, with the high energy tail asymptotically converging
to the no cut case. The electrons coming from the far population show a trend similar to
the whole smooth population, but decreased by a rough factor of two. Comparing the far
and near fluxes, we find, as expected, that the most energetic electrons come from the closest
sources, as firstly noted in [49]. The flux of electrons coming from R > 3 kpc is one order of
magnitude smaller than for the sources at R >0.7 kpc in the MED case, a factor of two in
the MAX case. For higher diffusive haloes, electrons from far sources have greater chances to
reach our detectors. Our results have been obtained for a G15 source distribution. We have
checked that the L04 radial profile gives fluxes systematically higher by a rough 10%, since
it predicts more sources near the Earth position, as shown in Fig. 1.
0°
45°
90°
135°
180°
225°
270°
315°
Galactic longitude l
0.5
1.0
1.5
2.0
2.5
3.0
d
 [
kp
c]
Vela
Cygnus
Monogem
Geminga
J2043+2740
>10−8
10−8−10−9
10−9−10−11
10−11−10−15
<10−15
Figure 4. This figure shows the sample of single SNRs and PSRs in terms of their Galactic longitude
l [deg] and distance to the Earth [kpc] (located at the center of the circle). The color scale of the dots
quantifies the electron flux integrated from 50 GeV to 5 TeV, in units of (cm2 s sr)−1.
In Fig. 4 we plot our sample of near SNRs together with the most powerful PWNe
identified in [17], projected on the Galactic plane. The SNR and PSR characteristics are
taken from the Green [46] and the ATNF [45] catalogs, respectively. The source position is
identified by the Galactic longitude (l, deg) and distance (d, kpc) to the Earth. The color
scale reflects the intensity of the integrated electron flux at the Earth from E = 50 GeV up to
E = 5 TeV, which is an important observable when computing the anisotropy from a single
source. Fluxes are computed by means of Eq. 2.14, using available catalog parameters and
the MAX propagation model. The spectral index for PWNe is fixed to γPWN = 1.7, while
the conversion to electron efficiency is η = 0.07. Vela (red dot) and Cygnus Loop (orange
dot) are the SNRs with the highest integrated flux. The most powerful PWNe Monogem,
Geminga and J2043+2740, give an integrated electron flux above 108 (cm2 s sr)−1. We report
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Table 1. Properties for the closest and most powerful SNRs and PSRs shown in Fig. 4. The first
column indicates the source name in the Green SNR, (first two lines) and in the ATNF PWN, (from
third line down) catalog; the second column shows other used names for some of the sources; the third
and fourth columns report the distance (in kpc) and the age of the source (in kyr), respectively, while
the last column reports the integrated electron flux φ50 from 50 GeV to 5 TeV in units of (cm2 s sr)−1.
Source other name d [kpc] tobs [kyr] φ50[(cm2 s sr)−1]
263.9-3.3 Vela YZ 0.293 11.4 1.3 · 10−7
74.0-8.5 Cygnus Loop 0.54 10 3.2 · 10−9
J0633+1746 Geminga 0.25 343 1.7 · 10−8
J2043+2740 1.13 1200 3.5 · 10−8
B0355+54 1 564 1.6 · 10−8
B0656+14 Monogem 0.28 111 1.1 · 10−8
J0538+2817 1.3 618 1.3 · 10−8
in Table 1 the catalog characteristics of the most powerful SNRs and PSRs in Fig. 4, along
with their electron flux φ50 integrated from 50 GeV to 5 TeV.
3 Anisotropy in the diffusion model
A detailed study of the anisotropy in the CR flux should be based on a full spherical harmonic
analysis. In that case, the flux intensity would get expanded in multipoles as a function of
direction: I(θ, φ) =
∑
AlmY
m
l (θ, φ), where Y
m
l (θ, φ) are the spherical harmonics and Alm
are the constant coefficients. However, under the hypothesis of one (or few) dominant nearby
source, we expect the dipole term to dominate the multipole expansion. In this case, the
anisotropy of CRs can be defined as
∆ =
Imax − Imin
Imax + Imin
, (3.1)
where Imax and Imin are, respectively, the maximum and minimum values of the CR intensity.
This expression can be computed in a diffusive propagation regime, as early derived by [50]:
∆ =
3K
c
∣∣∣∣∇ψψ
∣∣∣∣ . (3.2)
An explicit expression for the dipole anisotropy can be derived from the solution to the number
density ψ at the Earth, as got explicit in Eq. 2.14. As an example, the electron plus positron
anisotropy from a single electron source s is given by:
∆(E)e++e− =
3K(E)
c
2ds
λ2(E,Es)
ψse++e−(E)
ψtot
e++e−(E)
, (3.3)
where ds is the distance to the source, λ(E,Es) is the propagation scale defined in Eq. 2.11,
ψse++e−(E) is the e
+ + e− number density produced by the source s, and ψtote++e−(E) is the
total e+ + e− number density obtained from the contributions of all the sources, both from
isotropic smooth populations and from directional single sources.
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More generally, if we are dealing with a collection of electron and/or positron sources,
following the early work of [28], the total dipole anisotropy may be computed as:
∆(nmax, E) =
1
ψtot(E)
·
∑
i
ri · nmax
||ri|| · ψi(E) ∆i(E). (3.4)
Here ψi(E) is the number density of electron and/or positron emitted from each source i, ri
is the source position in the sky and nmax is the direction of the maximum flux intensity.
The term ψtot(E) =
∑
i ψi(E) is the total (electron and/or positron) number density and
includes the contribution from the discrete as well as all the isotropic sources. The anisotropy
from each single source is given by ∆i =
3K(E)
c
|∇ψi(E)|
ψi(E)
, where the gradient is performed with
respect to each source position.
In the next Sections we will provide results both in the approximation in which a single
dominant source is responsible for the whole dipole anisotropy, as well as for a collection of
close, discrete sources.
4 Fit to AMS-02 fluxes: method and analysis
One of the main aims of our analysis is to provide predictions for the anisotropies in the
lepton sector only for those models compatible with the observations of electron and positron
fluxes. In particular, in [17, 18] it is shown that the AMS-02 data on the lepton fluxes can be
consistently described in terms of the contributions from PWNe and SNRs and a secondary
component produced by the spallation of cosmic proton and helium in the ISM. Here, we fit
different models to the AMS-02 data on the e+ [5] and e++e− [8] fluxes. As for the secondary
production of e+ and e−, it is modeled as [20] and [17] (to which we refer for any detail), we
let it to shift by a free normalization q˜sec. The SNRs and PWNe are modeled as described in
the previous Sections. The SNR contribution for a smooth distribution of sources is computed
with a G15 radial distribution. If not differently stated, the propagation parameters are set
to the MAX configuration. We fit data points for E > 10 GeV, in order to avoid biases from
the solar modulation of the fluxes. Nevertheless, we let the flux be reshaped by the solar wind
according to the force field model, with the modulation potential φF as a free parameter. We
have worked within four different schemes, mostly different for the treatment of local source
contributions, which are listed and briefly outlined below.
Case 1. - Fixing Vela SNR parameters
The first analysis we undertake is meant to emphasize the role of the Vela SNR shaping the
high energy AMS-02 data and, consequently, the anisotropy level. We fit the e+ and e+ + e−
AMS-02 data for Rcut = 0, 0.7 and 3 kpc. The flux of e+ and e− from PWNe is computed
for all the ATNF catalog sources as outlined in Sect. 2. The free parameters in the smooth
SNR modeling are the spectral index γSNR and the total energy emitted in electrons Etot,SNR.
When Rcut 6= 0, the electron flux from the near SNRs is computed as described in Sec. 2 (in
particular Eqs. 2.14 and 2.9), using available data on the radio spectrum, distance and age
for each source. The contribution of all the SNRs within R ≤ Rcut except Vela is summed
up to a total near SNR flux. The normalization Nnear of this component is a free parameter
of the fit. As a matter of fact, this sum is dominated by Cygnus SNR, which overclasses
the contribution from any other near SNR by at least two orders of magnitude. Therefore,
the parameter Nnear can be effectively associated to the Cygnus magnetic field. Exception
is deserved to the brightest local SNR Vela (see Fig. 4), for which the value of the magnetic
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field is treated as a free parameter. The radio emission from the Vela SNR environment has
been studied in detail in [51]. From spectral index and morphology arguments, the region
labeled Vela X is thought to be connected to a PWN from the young Vela pulsar. We use
therefore the radio brightness associated to the Vela YZ radio region only, which is reported
to be Br = (588 + 547) Jy = 1135Jy at 980MH [51]. In the same study, a radio index of
αY = 0.70±0.10 and αZ = 0.81±0.16 is found, and a mean spectral index of γYZ = 2.5±0.3
for the Vela YZ region can be inferred. We fix here the Vela spectral index to 2.5. Its age is
set to tobs = 11.4 kyr by [52]. The value of the magnetic field surrounding known SNRs is
quite uncertainty and still a matter of debate, and it is connected to the leptonic or hadronic
origin of the gamma ray emission from young SNRs (for a review see [53]). We vary the Vela
magnetic field, BVela, in the range [1, 100]µG. The radio properties of the Cygnus SNR are
taken from [54].
Case 1 has therefore the following free parameters: φF , q˜sec, γPWN, η, Nnear, BVela, γSNR,
Etot,SNR.
The results of the fits on e+ + e− and e+ AMS-02 data are in general good for Rcut = 0, 0.7
and 3 kpc, both for the MED and MAX propagation parameters. All the fits have a reduced
chi-square χ2/d.o.f. of the order or smaller than 1. The MAX scenario is slightly better than
the MED one for Rcut 6= 0 and the model with Rcut = 0.7 is preferred with respect to the
other cases (the chi-square for the MAX model for the cuts Rcut = 0, 0.7 and 3 kpc are
53, 38 and 41 respectively). Vela has indeed an important role on shaping the flux at few
hundreds GeV. We will inspect more closely its role in the following. We checked the effect
of a lower energy cutoff for the Vela SNR, working with Ec = 2 TeV. We found that the best
fit parameters for the SNR smooth, the secondary and the PWNe components are left almost
unchanged, since the effect of the cutoff is effective at energies above the AMS-02 data. For
example, for Ec = 2 TeV the Vela flux (multiplied by E3) at 5 TeV is a factor of ∼ 4 lower
than the flux obtained with Ec = 5 TeV.
Case 2. - Insights on Vela SNR parameters.
Since the Vela SNR is the most intense local source we inspect its distinctive parameters with
more details. As well as its magnetic field (Case 1), we also admit variations in its distance and
spectral index, whose measurements deal with non negligible uncertainties. The Vela distance
is found to be dV ela = 0.293+0.019−0.017 kpc in [55] with proper motion and parallax measurements
for the Vela pulsar, while a lower value is suggested by high resolution absorption line spectra
measurements of stars in the Vela SNR direction dV ela = 0.250± 0.030 kpc [56]. To account
for these uncertainties, we explore dV ela = [0.22, 0.32] kpc. As for the spectral index of the
remnant, together with the magnetic field, it affects the shape of the energy spectrum and
the normalization of the flux. It spans here an interval of γVela = [2.0, 2.8] (see discussion at
Case 1). As for Case 1, the remnant magnetic field is moved in the range BVela = [1, 100]µG.
The free parameters for this second analysis are thus φF , q˜sec, γPWN, η, Nnear, BVela, dVela,
γVela, γSNR and Etot,SNR. In Fig. 5 we plot the results for the fit to e++e− (left panel) and e+
(right panel) AMS-02 data, for Rcut=0.7 kpc and MAX propagation model for this Case 2.
The best fit for the total flux is drawn together with its 2σ uncertainty band. The minimum
χ2 is 32 for 98 data points. The fit to both the e+ and e+ + e− data is remarkably good,
and its uncertainty spreads accordingly to the experimental error bars, which are very small
up to about 200 GeV. The uncertainty band has been extrapolated beyond the experimental
maximal energy of about 1 TeV, showing its spread up to a factor of three at 5 TeV. A
similar plot is obtained for Case 1, if it were not for a narrower extrapolated uncertainty
band. In Tab. 2 the values of the best fit parameters for Case 2 are shown together with their
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Figure 5. Fit to e++e− (left panel) and e+ (right panel) AMS-02 data [5, 8] with MAX propagation
model and Rcut = 0.7 kpc for Case 2 (see text for details). All the components for the best fit are
displayed together with the 2σ uncertainty band on the total flux. Line coding as follows: solid black,
sum of all the components in the plot; red dashed, secondary e+ and e−; blue dash-dotted: e+ and
e− from all ATNF PWNe; green dotted: e− from far SNR; black dotted: e− from Vela SNR; magenta
double dash-dotted: e− from all other near (R ≤ 0.7 kpc) SNRs. The left (right) panel shows the
e+ + e− (e+) flux.
Table 2. Best fit parameters to AMS-02 e+ + e− and e+ flux data for the model described by Case
2.
φF 0.36 GV
q˜sec 2.10± 0.08
γPWN 1.85± 0.03
η 0.065± 0.004
Nnear 0.35± 0.03
BV ela (3.1± 0.3) µG
dV ela 0.29± 0.04 kpc
γV ela 2.80
γSNR 2.65± 0.03
Etot,SNR (3.50± 0.05)1049 erg
χ2/d.o.f 32/89
errors. The parameters for the SNR smooth population and the ATNF PWNe are found
to lie intervals similar to Case 1 and consistent with previous results [17, 18]. As for the
parameters most relevant to the following of our analysis, the best fit for the Vela distance
is found to be very near to the measurement of [55], while the spectral index points to the
higher permitted value of 2.8. This result can be hardly argued with the general modeling of
diffusive shock acceleration in SNRs. However, we find numerous configurations included in
the 2σ band with lower values for γVela of 2.4-2.6, while the rest of the parameters keeping
similar values to the ones reported in Tab. 2.
Case 3. - An unknown close SNR.
In the previous analysis we have considered only close SNRs with a detected electromagnetic
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Figure 6. Same as Fig. 5, but for the unknown SNR (black dotted line) discussed in Case 3.
counterpart. They account for a population of relatively young remnants, with ages at most
of 50-100 kyr. However, due to the diffusion time, electrons accelerated by older SNRs may
contribute to the flux at Earth while being no longer visible in any electromagnetic band.
Here we analyze the AMS-02 data in the hypotheses that the only SNR injecting electrons
in the local Galaxy, namely for R ≤ Rcut=0.7 kpc, is a source no longer detectable in radio
or any other electromagnetic frequency. We let the age of this unknown SNR vary in the
range 50 kyr - 10 Myr, the distance between 0.1 and 0.7 kpc, the injection spectral index
γ between 2.0 and 2.6. Its normalization is a free parameter, with the constraint not to
overtake Etot = 1049 erg [32]. This object might be connected, for instance, to the Local
Bubble, which in some models is explained as the result of a single or multiple supernovae
exploding 105 − 106 yr ago in proximity of the solar system [57, 58].
The results of the fit to AMS-02 data are shown in Fig. 6 for both the e+ + e− and e+ data.
The fit to the data is good on the whole energy range. Given the absence of other SNRs in
the 0.7 kpc around the Earth, included the high energy emitter Cygnus Loop, the wiggles
by the PWNe are a bit more pronounced here than in Fig. 5. The unknown SNR turns out
to be ts = 144 ± 9 kyr old, be located at d = 0.36 ± 0.06 kpc from the Earth, to have a
source index γ = 2.00± 0.06, and to shine with a total energy Etot = 7.3 · 1048 erg. Since this
source is very old, the flux of electrons drops at much lower energies than for Vela. The most
energetic electrons have been slowed down by radiative cooling and diffusion in the long time
since their injection. The role of the PWNe is such to keep explaining with high accuracy the
AMS-02 positron spectrum.
Case 4. - Insights on close PWNe.
Similarly to Case 2, we inspect also the characteristic parameters of Monogem and Geminga,
which lie within 0.7 kpc around the Earth. They are included among the sources with the
higher electron integrated fluxes in Tab. 1, and could explain easily almost alone the rising
of positron fraction (see [17]). To this aim, we work with Rcut = 0.7 kpc and fit the AMS-02
data with the secondary component, the far and smooth SNRs and all the Green catalog
SNRs within 0.7 kpc. As for the e± pairs from PWNe, we include Monogem or Geminga with
free parameters as well as all the other PWNe in the ATNF catalog. The age and distance
of Monogem and Geminga are fixed to their catalog value, while we vary their spectral index
and efficiency. The free parameters for this final analysis are thus φF , q˜sec, γPWN, η, γMon (or
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Figure 7. Same as Fig. 5, but for dominant Monogem PWN (black double dot-dashed line) as
discussed in Case 4.
γGem) and ηMon (or ηGem), Nnear, BVela, γVela, γSNR, Etot,SNR. This analysis lets one close
and bright PWN to dominate in the positron (and more mildly in the sum) flux, and to have
a prominent role, if any, in the dipole anisotropy. The results for the fit to AMS-02 e+ + e−
and e+ flux data are presented in Fig. 7 for the case of dominant Monogem. The analysis with
dominant Geminga leads to a very similar conclusion for the e+ + e− flux. The positron flux
shows a very good fit as well, with the difference that the flux from Geminga peaks at about
500 GeV, given its older age. We can see that indeed Monogem is the dominant source of e+
and e− at the higher energies. In particular, the role of Monogem is prominent in explaining
the positron flux at energies above 80-100 GeV. The spectral index for the dominant source is
found to be γMon,Gem ∼ 1.9, while the parameters for the SNR population, Vela and secondary
component are similar to Tab. 2. The most significant result on the free parameters is that
the efficiency for Monogem or Geminga points toward ηMon,Gem ∼ 1, while the η for all the
other PWNe in the catalog takes lower values of η ∼ 0.04 − 0.001 with respect to the Case
1,2,3. This means that the predicted efficiency for the release of the e± pairs from the PWN
to the ISM has to be close to 100%, in some tension to what it is predicted by theoretical
models [44, 59]. However, uncertainties in the total spindown energy or in the pulsar spindown
timescale τ0 (see Eqs.2.7, 2.8) can alter effectively the resulting efficiency up to a factor of
5-10 (see [16]).
.
5 Results on the anisotropy in e− and e+
A search for anisotropies in CR leptons was performed by PAMELA, AMS-02 and Fermi-
LAT experiments, ending up in dipole anisotropy upper limits. The Fermi-LAT experiment
searched for an e+ +e− anisotropy in the first year of data [26], for more than 1.6×106 parti-
cles with energies above 60 GeV. This threshold energy was chosen to minimize the influence
of the geomagnetic field and of the Heliospheric Magnetic Field, both affecting the direction
of detected charged particles in the GeV range. Upper limits on the e++e− dipole anisotropy
∆e++e− were obtained from a more general analysis based on the spherical harmonics devel-
opment. The data are provided in bins of energy integrated from a minimum energy Emin,
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with Emin from 60 GeV to 480 GeV. The analysis includes a wide interval for the integration
radii (from ∼ 10◦ to 90◦). The resulting upper limit on the dipole anisotropy increases from
∆e++e− . 0.005 to ∆e++e− . 0.10 with increasing minimum energy.
An upper limit on the positron to electron ratio dipole anisotropy ∆e+/e− has been reported
by AMS-02 for energies above 16 GeV. The results are ∆e+/e− ≤ 0.036 for the data in [3],
and ∆e+/e− ≤ 0.030 for the higher statistics data set in [4] at 95% C.L..
The PAMELA Collaboration has performed a search on large-scale e+ dipole anisotropy with
the first four years of data [27]. The sample consists of 1489 e+ with rigidity 10 ≤ R ≤ 200 GV.
In order to account for the instrument exposure and other detector effects, the results are
given in terms of positron over proton ratio (the proton flux being considered isotropic, [60]).
Compatibility with an isotropic distribution of positron arrival directions has been found,
setting an upper limit of ∆e+ ≤ 0.166 at 95% C.L..
Few remarks follow. First, existing upper limits on lepton anisotropy from different experi-
ments concern the flux of different observables: e+ + e− for Fermi-LAT, e+/e− for AMS-02
and e+ for PAMELA. While in the Fermi-LAT analysis the detected flux directional proper-
ties are compared with two different techniques of no-anisotropy map creation, the PAMELA
and AMS-02 analysis are based on the comparison with the proton flux in the former case,
and the electron flux in the latter case, both supposed to be isotropic. Second, existing upper
limits deal with integrate dipole anisotropy as a function of a minimum energy. Therefore,
to properly compare theoretical predictions with experimental upper limits, we integrate our
predictions from the indicated minimum energy Emin to a maximum energy Emax = 5 TeV.
The integration is performed separately for the ψse++e−(E) and the ψ
tot
e++e−(E) terms in Eq.
3.3, following [26]. Furthermore, we have verified that the results are unchanged if the inte-
gration of the term at numerator includes the energy dependent pre factor K(E)/λ2(E,Es).
We will also present some result for the non-integrated dipole anisotropy as a function of the
energy.
5.1 The anisotropy from the Vela SNR
The dipole anisotropy for the Vela SNR has been computed for the Case 1 and Case 2
configurations compatible with the AMS-02 data on the e+ +e− and e+ data. The results for
the e+ + e− anisotropy are summarized in Fig. 8 as a function of Emin energy, and compared
to Fermi-LAT upper limits. We plot ∆e+e− for the best fit on the AMS-02 data in Case 1, for
the Vela and Cygnus Loop SNRs. We also plot the anisotropy for Vela with its 2-σ uncertainty
band, for the analysis in Case 2 (see Fig. 5). The Vela anisotropy is an increasing function
of Emin, at least up to few hundreds GeV, and depending on the model parameters. Its is
predicted with an uncertainty of one order of magnitude or larger, and only mildly dependent
on the bin of integrated energy. For Emin below 200 GeV, the Fermi-LAT upper limits lie in
the Vela anisotropy band, while for higher energies the experimental data they are at least a
factor of two higher than the maximal expected ∆e+e− . We have checked that a lower energy
cutoff for the Vela SNR of Ec = 2 TeV would give a lower dipole anisotropy in the TeV range
by about a factor 2. The Fermi-LAT upper limits have already the power to test some of the
models for Vela emitting e− compatible with AMS-02 e++e− and e+ data. The experimental
sensitivity to our models is maximal for the first (three, indeed) data points. The anisotropy
for the best fit from Case 2 analysis is in some tension with Fermi-LAT data for Emin <∼ 120
GeV.
We are dealing with fluxes above 10 GeV in order to get rid of the effects of the solar
wind on the fluxes detected at the Earth. Heliospheric effects on the arrival distribution of
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local interstellar electrons and positrons, and thus on a possible dipole anisotropy, are to
date little known. In particular, due to the uncertain structure of the heliospheric magnetic
field, the results depend on the particular field modeling. Several works demonstrated with
simulations of heliosphere that the propagation of CR in the heliosphere remains a diffusion-
dominated process, and that drift imprints only second-order effects on the solar modulation
of the spectrum [61].
Future analysis of the whole Fermi-LAT data set - now at its ninth year of operation
- could indeed hint at an anisotropy in the Vela direction, or set severe limits on a number
of models selected by the inspection of flux data. Our analysis shows that the search for
anisotropies in lepton data could be an interesting complementary tool when local and pow-
erful electron sources are invoked to shape the observed fluxes.
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Figure 8. Predictions for the dipole anisotropy in the e+ + e− flux from single SNRs, for Rcut=0.7
kpc and MAX propagation parameters. The energy bins are integrated in energy from Emin up to
5 TeV. The anisotropy from Vela and from Cygnus Loop resulting from the best fit of Case 1 analysis
(see text) are plotted as solid black and dot-dashed magenta lines, respectively. The results for the
Vela best fit and 2-σ uncertainty band within Case 2 are shown by the black dotted line and cyan
band. The blue dashed curve corresponds to the anisotropy from all the single sources considered in
Case 1. The downward arrows reproduce the Fermi-LAT upper limits.
The composite anisotropy of all the single sources as included in Case 1 analysis has been
computed according to Eq. 3.4. The resulting anisotropy, in this specific model, shows a pe-
culiar feature with two bumps, clearly tracking the dominant role of Vela and Cygnus SNRs
in their energy domains. An insight on the role of Vela and Cygnus in the composition of the
total anisotropy is given by the contour plots in Fig. 9. We plot the percentage relative differ-
ence between the intensity in any direction of sky I(l, b) (l and b being the Galactic longitude
and the latitude) and the mean intensity from the whole source collection of sources. The
interstellar I(l, b) is computed according to Eq. 6 in [28], for the solutions to our diffusion
equation (see Sect. 3). We show the results for Emin= 501 and Emin = 2630 GeV. The plots
are a complementary visualization of the anisotropy from all the single sources shown in Fig. 8
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Figure 9. Contour plots of the intensity of the e++e− flux for all the sources as treated in Case 1, as
a function of the direction (l, b) [deg]. We plot the percentage relative difference between the intensity
in any direction of sky and the mean intensity from the whole source collection, for Emin = 501(2630)
GeV in the top (bottom) panel. The yellow dot indicates the position of the maximum intensity, while
the other symbols set the position of the sources, in particular Vela (black dot), Cygnus (purple dot)
and the SNRs in the Green catalog in the inner 0.7 kpc. The color scale is linear and reflects the
strength of the intensity in the given direction.
(blue dashed curve). At lower energy, the flux intensity is maximal in a direction very close to
the Vela one. At higher energies, the maximal intensity shifts toward the Cygnus direction,
with some offset driven by the collection of the other nearby sources.
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Figure 10. Predictions for the anisotropy from single PWNe in the e+ + e− flux along with ex-
perimental upper limits from Fermi-LAT, for Rcut = 0 kpc and MAX propagation parameters. The
energy bins are integrated in energy. The results are for the five most powerful PWNe, as labeled
inside the panels.
5.2 The anisotropy from near PWNe
The contribution to the e+ and e− flux from PWNe has been computed from sources taken
directly from the ATNF catalog. We show here the results of the dipole anisotropy for the
five most powerful PWNe in terms of the flux as identified in [17]. The fluxes from each
single PWN correspond to the best fits on AMS-02 data for the MAX scenario and Rcut=
0 kpc, the SNRs contributing to e− as a smooth distribution of sources on the whole Galaxy.
Our results are shown in Figs. 10, 11 for dipole anisotropy in e+ + e−, e+ and e+/e−, along
with the most recent relevant upper limits. None of the most powerful PWNe significantly
dominates over the others, and all are predicted with a anisotropy level between 10−4 and
10−3. The highest anisotropy is however reached by Monogem, for which a dipole at the level
of a few times 10−4 is predicted well beyond 1 TeV. The strongest upper limits are from the
Fermi-LAT, so ∆e++e− is at present the channel with the least gap between theory and data.
The ∆e+ Pamela upper limit of ∆e+ ≤ 0.166 for Emin > 10 GeV, stands almost three orders
of magnitude above our predictions for Monogem. It is therefore evident that the properties
of ATNF PWNe as emerging from AMS-02 flux data are very unlikely be tested by present
or forthcoming data on the positron anisotropy. Our results differ from what is found for
example in [22, 23], where a much higher anisotropy in the e+ and e− flux for the Monogem
PWN was found. We observe that, differently from those works, our analysis is constrained by
the AMS-02 on the lepton flux and, which is most important, from the AMS-02 data for the
positron fraction. The latter data at high energy bounds significantly the PWN component.
We also notice that in the cited papers the efficiency for the Monogem PWN is η ∼ 35−40%,
while the contribution from the full collection of ATNF sources is subdominant with respect
to the Monogem one. We inspect in more details the role of Monogem and Geminga with
respect to the other PWNe in the Case 4 analysis.
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Figure 11. Predictions for the anisotropy from single PWNe in the e+ (left) and e+/e− (right) fluxes,
along with experimental upper limits from Pamela (left) and AMS-02 (right), for Rcut = 0 kpc and
MAX propagation parameters. The energy bins are integrated in energy. The results are for the five
most powerful PWNe, as labeled inside the panels.
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Figure 12. Dipole anisotropy in the e+ + e− flux from the unknown SNRs discussed in Case 3, for
Rcut=0.7 kpc and MAX propagation parameters. The results for the best fit and 2-σ uncertainty band
are shown by the black dotted line and cyan band. The downward arrows reproduce the Fermi-LAT
upper limits.
5.3 The anisotropy from a close unknown SNR
The anisotropy ∆e++e− from a single, electromagnetically quiet SNR located at some radius
R < Rcut = 0.7 kpc is plotted in Fig. 12. The line draws the result for the best fit and its
2-σ uncertainty band to the AMS-02 flux data, under the Case 3 hypothesis, as plotted in
Fig. 6. The predicted anisotropy from this hypothetical SNR is lower than the Vela one (see
Fig. 8), and a factor of two at least below current Fermi-LAT data. Nevertheless, one could
expect it to be explored by near future data. The 2-σ uncertainty band is compatible with
zero above Emin ∼ 150 GeV. The behavior is driven by the remnant age, which for the best
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Figure 13. Dipole anisotropy in the e+ + e− (left) and e+ (right) flux from Monogem and Geminga
as discussed in Case 4, for Rcut=0.7 kpc and MAX propagation parameters. The results for the best
fit and 2-σ uncertainty band for Monogem are shown by the black line and cyan band, while the green
dashed line indicates the best fit for Geminga. The downward arrows reproduce the Fermi-LAT upper
limits.
fit points to 144 kyr.
5.4 The anisotropy from Monogem and Geminga PWN
We report in Fig. 13 the results for the dipole anisotropy from Monogem and Geminga, as de-
rived from the Case 4 fits. We plot the predictions for both the ∆e++e−(Emin) and ∆e+(Emin).
The comparison with Fig. 10 shows that the Monogem anisotropy can be increased by up to
a factor of ten, depending on the energies, with respect to the analysis in which it is treated
democratically with all the other PWNe. This comment holds for both e+ + e− and the e+
anisotropy. Fig. 13 also shows that the ∆e++e− from Monogem is about a factor three (ten)
below the current Fermi-LAT upper limits at Emin = 60(200) GeV. Also, the ∆e+ is upshifted
by about one order of magnitude with respect to the study in Fig. 10, and stands two orders
of magnitude below the current Pamela upper bounds. Geminga gives results lower than a
factor 2-3 with respect to Monogem, and decreasing rapidly to zero at lower energies of about
1 TeV, due to its age. We have checked that a hypothetical (electromagnetically) unknown
PWN, consistent with the e+ flux data, could provide an anisotropy level greater than a factor
of a few than the Monogem one, provided that it were even much closer to the Earth, and
younger.
In Fig. 14, we plot the anisotropy in the electron flux ∆e−(Emin) for the most significant
single sources discussed up to now: Vela SNR as derived in Case 1 and Case 2, Cygnus
SNR as in Case 1, the unknown SNR discussed in Case 3, and from the Monogem and the
Geminga PWN obtained in Case 4. The case for e− sees Vela as a dominant source below
integrated energies of about 1 TeV, as also found in the e+ + e− observable. Monogem and
Geminga are predicted below the unknown SNR level. We also investigate whether the search
for an anisotropy as a function of the energy E, and not integrated from a minimum energy
Emin, would provide better insights. The results are not very different, except for the role of
Cygnus, which emerges at few TeV, and the degeneracy between Monogem and the unknown
SNR. Finally, due to a mere statistical effect, the low energy tail of the anisotropy spectrum
is strongly depleted, with respect to the energy integral result.
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Figure 14. Left panel: Dipole anisotropy in electrons from Vela SNR as derived in Case 1 and Case
2, Cygnus SNR as in Case 1, the unknown SNR discussed in Case 3, and from the Monogem and
the Geminga PWN obtained in Case 4 (see text for details), as a function of the minimum integrated
energy Emin. Right panel: Dipole anisotropy in electrons plus positrons for the same sources as in
the left panel, but as a function of the energy E.
6 Conclusions
We have discussed the phenomenology of a dipole anisotropy in the flux of electrons and
positrons. We have tested several theoretical models on the recent data from AMS-02 on the
fluxes of e+ + e− and e+. All our predictions on the dipole anisotropy in the e+ + e−, e− and
e+ fluxes are consistent with the most recent AMS-02 data on the relevant fluxes. This is one
major strength points of the present paper. In order to inspect more physically the role of
local sources, we have shaped the Galaxy with a cut around the Earth, whose radius Rcut has
been tested at 3 and 0.7 kpc. As such, we have considered a smooth SNR population beyond
Rcut, while the contribution inside Rcut comes from the single sources as directly found in the
catalogs. Our model consists of: i) an isotropic secondary e− and e+ component, given by
the fragmentation of proton and helium CRs on the ISM; ii) an isotropic e− flux injected by
a smooth SNR population, iii) an anisotropic production of e− from individual local SNRs,
iv) an anisotropic injection of e± pairs from the PWNe in the ATNF catalog. The particles
at sources have been propagated in a diffusion model, and properly treated for their strong
radiative cooling. We have inspected different configurations for the contributions of local
SNR and PWN to the electron and positron fluxes arriving at the Earth. In particular, we
have studied the role of the Vela SNR, and of few PWNe.
We have found that the anisotropy from the Vela SNR is at the level of the e++e− Fermi-
LAT upper limits obtained with one year data. The uncertainty on the dipole, as implied
by AMS-02 flux data, is at least one order of magnitude wide. The composite anisotropy
obtained from all the local sources is dominated by Vela below Emin of about 300 GeV, and
by Cygnus at few TeV. We can expect that the next Fermi-LAT analysis in the e+ + e−
anisotropy data, performed in a much wider data set, starts to test some models for the Vela
e− emission, now compatible with AMS-02 flux data. We have also explored the possibility
that electrons are arriving at the Earth from a single, electromagnetically quiet SNR located
at some radius R < Rcut = 0.7 kpc. The corresponding dipole anisotropy is a bit lower than
the one obtained from Vela, mostly because of the much older age found for this source in
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the fit to AMS e+ + e− data. We have also explored the dipole anisotropy from the most
intense PWNe, with a dedicated analysis to Monogem and Geminga. The result is definitely
lower than for the Vela SNR, even considering the dipole in the e+ flux alone. The study
for the anisotropy in the e− results in a dipole of order few 10−2 from the brightest SNRs:
Vela at low energies, Cygnus above the TeV. We have finally checked the dipole as a function
of the energy E, in addition to the analysis usually performed in terms of the minimum of
the integrated energy. The results are not very different, except the degeneracy between
Monogem and the unknown SNR and the fact that, due to a mere statistical effect, the low
energy tail of the anisotropy spectrum is strongly depleted.
As well as the forthcoming analysis on almost 9 years of data in the Fermi-LAT data,
ongoing experiments such as CALET and DAMPE will improve the flux energy resolution in
the TeV region up to ∼ 20 TeV [62, 63]. In particular, the CALET experiment includes in
its main goals the observation of a possible anisotropy in the direction of nearby electron and
positron sources, and could provide remarkable insights on the models tested in the present
analysis. With data of this caliber, we can conclude our study claiming that the search of
anisotropy in the lepton fluxes up to TeV energies can be an interesting tool for the inspection
of properties of close SNRs, complementary to the high precision flux data.
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